Introduction
Conversion disorders, such as psychogenic non-epileptic seizures (PNES), are poorly understood and difficult to diagnose. Their complex clinical presentation involves medically unexplained symptoms and internalizing disorders (anxiety and depression). PNES youth have more severe and prevalent comorbid psychopathology, such as internalizing disorders, posttraumatic stress (PTSD) disorder, anxiety sensitivity (identification of body sensations as dangerous), and somatization than their siblings [1] . The comorbid psychopathology contributes to the difficulties diagnosing PNES for three main reasons.
First, pediatric mood disorders, such as anxiety, depression, and PTSD, are more readily recognized than conversion disorder, as these disorders are more prevalent, well studied, and reliably diagnosed [2] . In contrast, PNES is a rare and under-investigated disorder, often misdiagnosed as epilepsy [3] . Furthermore, patients, parents, and some clinicians consider the comorbid depression and anxiety symptoms of youth with PNES as secondary to the distress caused by the seizures. Thus, when youth with seizure-like symptoms appear to be depressed and/or anxious, clinicians with little experience with PNES, omit the possibility of a conversion disorder and associated comorbid internalizing disorder(s).
Second, internalizing disorders frequently predate the onset of conversion disorder, and persist after its resolution [4, 5] . Therefore, recognition of factors specifically associated with the comorbid psychopathology of pediatric PNES may help to better identify depressed and anxious youth that are at risk for development of conversion disorder and PNES. By differentiating between internalizing and conversion disorders, awareness of these risk factors might indirectly facilitate earlier PNES diagnosis. This, in turn, could reduce the excessive medical service use and improve outcomes [3] [4] [5] .
Third, somatic and medically unexplained symptoms are common in internalizing disorders and PTSD [6, 7] . Reif and Barsky's [8] biopsychosocial, perceptual filtering model of medically unexplained symptoms proposes that anxiety and depression change individual's perceptions of normal physical body sensations. Using this model, Lavigne et al. [9] demonstrated that somatization mediates the relationships between anxiety, depression, and medically unexplained symptoms in children. We previously found significant pre-existing medical histories in PNES youth than their siblings and significantly more somatization in PNES than epilepsy youth [1] . Identification of risk factors for somatization and the perception of bodily sensations as dangerous (anxiety sensitivity) in PNES might, therefore, facilitate diagnosis of this difficult to diagnose disorder.
In the general child population risk factors for internalizing disorders, PTSD, somatization, and anxiety sensitivity include female gender and older age [2] , cognitive, and learning difficulties [10] , life adversities, bullying, and single parent families [6, 11, 12] . However, there have been no studies on the risk factors for comorbid psychopathology in PNES youth.
To address this gap in our knowledge, we first identified the risk factors for internalizing disorders, somatization, and anxiety sensitivity in the PNES probands and their siblings. We posited that, despite shared genetic and family environment, PNES probands would have different demographic, cognitive, linguistic, adversity, and family structure risk factors than their siblings.
We then studied the profile of correlates of depression and PTSD only within the PNES group because only a few siblings had depression (14.3%) and PTSD (2.9%). Since anxiety disorders were present in almost all probands (83.6%), we could not determine their risk factors. Based on the previously described risk factors for depression and PTSD, we investigated the following hypotheses within the PNES group: (1) risk factors for depression and for PTSD include older age, female gender, lower Verbal IQ, higher somatization scores, single parent family structure, as well as more adversities and bullying, and (2) older age of PNES onset, impaired language skills, and anxiety sensitivity are additional PTSD risk factors.
Methods

Participants
This study included 55 youth with a video-EEG confirmed PNES diagnosis and their 35 sibling controls, who lived in the same families. We excluded probands and siblings from this study if they had known cognitive impairment (IQ < 70), other types of paroxysmal non-epileptic events (e.g., syncope, complex tics), a history of planned/past epilepsy surgery, and non-Englishspeaking parents.
The PNES group, aged 8.6-18.4 years, was significantly older than the siblings (14.8 AE 2.7 vs. 13.5 AE 2.4, t(88) = 2.3, p = 0.02). There were no statistically significant between group differences for gender, ethnicity, and family structure ( Table 1 ). The mean age of PNES onset was 14.3 years (SD = 2.6). 30% of the probands but no siblings had epilepsy. For a detailed report of participant demographic, psychiatric, cognitive, academic, hassles, parenting, and coping profiles, see Plioplys et al. [1] .
Recruitment and consent
PNES youth were recruited from seven USA tertiary epilepsy centers. At each site, a pediatric epileptologist confirmed the NES diagnosis, defined as paroxysmal events with semiology inconsistent with seizures due to epilepsy and without associated epileptiform discharges on v-EEG. A child psychiatrist/psychologist conducted a standardized psychiatric interview to confirm the psychogenic origin of the NES and diagnosis of conversion disorder.
Procedures
Instruments: demographic and family history questionnaire
The parents completed a questionnaire regarding their children's demographic information, medical and neurological illnesses, adversities, and their own marital status.
Psychopathology
Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime Version (K-SADS-PL). This semistructured instrument assesses current and past psychiatric diagnoses according to DSM-III-R and DSM-IV criteria [13] . Inter-rater and test-retest reliability and convergent and discriminant validity have been established [13] . The study's child psychiatrists/psychologists, trained to administer the K-SADS-PL, interviewed each subject and parent, separately, about the child. A study co-investigator (RC), blind to subjects' group assignment, reviewed all the video-recorded interviews. The reviewer and interviewer discussed each case and reached a consensus diagnosis. The interview yielded summary diagnoses based on both the child and parent interviews. Childhood Anxiety Sensitivity Index (CASI). This 18-item selfreport scale measures the tendency to view anxiety-related bodily sensations as dangerous [14] . Items are scored on a 3-point scale (none, some, a lot); total scores are calculated by summing all items. The instrument has high internal consistency (alpha = 0.87) and adequate test-retest reliability (range = 0.62-0.78). Its scores correlate well with trait anxiety measures (r = 0.55-0.69) [18] .
Children's Somatization Inventory (CSI). This self-report measure assesses the severity of somatic symptoms [15] . Respondents rate the extent to which they have experienced each of the 35 symptoms using a 5-point scale. Total scores range from 0 to 140. Adequate reliability and validity have been established on clinical, school, and well children samples [16] . The 1-year test-retest Pearson reliability was 0.61 for well children and 0.34 for a pediatric sample; coefficients were 0.91 and 0.90 for the well and clinical samples, respectively [17] .
Cognitive and academic functioning
Wechsler Abbreviated Scale of Intelligence (WASI). The WASI provides a valid estimate of intellectual functioning [18] . Its four subtests -Vocabulary, Similarities, Block Design, and Matrix Reasoning -generate a Full Scale IQ (FSIQ) index.
Clinical Evaluation of Language Fundamentals -Fourth Edition (CELF-4). The 13 subtests of the CELF-4, a measure of general language ability, estimate expressive and receptive language [19] . We used the Word, Concepts & Following Directions, and Formulated Sentences subtests.
Adversities
A history of adverse experiences was abstracted from the demographic questionnaire and the K-SADS-PL PTSD module. It included information about children's adverse experiences, including physical, sexual, and psychological abuse, domestic and community violence, severe accidents, medical illness or procedures, death, parental divorce, family problems, and natural disasters.
Statistical analysis
Study data were collected and entered at each site and managed using REDCap electronic data capture tools hosted at the UCLA site [20] . Prior to statistical analyses, all data were inspected for outliers, skewness, and homogeneity of variance to ensure their appropriateness for parametric statistical tests. Probands and siblings were compared on outcome measures using ANCOVAs (controlling for age) for continuous variables and Fisher's exact tests for categorical variables. The primary analyses for this study consisted of examining associations of continuous measures (number of internalizing diagnoses, CSI Sum scores, CASI Sum scores) within the proband and sibling groups using general linear models and associations of categorical measures (presence of depression and PTSD) using logistic regressions. For both these types of model estimations, first univariate analyses were conducted with all the predictors of interest (age, sex, ethnicity, family structure, age of PNES onset, presence of epilepsy, WASI Full Scale IQ, CELF Word, CELF Sentences, number of adversities, and bullying; in addition, CSI and CASI Sum scores were used for modeling internalizing disorder measures.
Following the univariate analyses, those predictors that were significant at a significance level of 0.1 were then used in a multivariable linear or logistic regression model; this model was then trimmed to obtain a final model that explained the data optimally, using model fit statistics (adjusted R 2 for linear; Akaike
Information criterion for logistic). The results (both parameter estimates and statistics) from this final model are reported for each outcome measure of interest. While a probability level of 0.05 is considered as significant, associations from the final model that were borderline (0.05 < p < 0.1) are also reported. In all cases, effect size estimates (correlation coefficients, Cohen's d or odds ratios) are also presented to give an idea of the magnitude of the strength of the associations between the risk factors and the outcome measure.
Results
Anxiety, depression, and PTSD
Significantly more probands than siblings had anxiety (83.6% vs. 34.3%, p < 0.0001), depression (43.6% vs. 14.3%, p = 0.005), and PTSD diagnoses (25.5% vs. 2.9%, p = 0.007). The number of internalizing diagnoses (anxiety and depression) was significantly greater in the PNES than the sibling group (mean (SD) (1.95 (1.18) vs 0.82 (1.25), F(1,87) = 13.52, p = 0.0004) ( Table 1) .
Within the PNES group, the number of internalizing diagnoses was significantly related to female gender (females: 2.13 ( Table 2 ). In the siblings, the presence of internalizing diagnoses was significantly associated with female gender (OR = 12.22 (95% CI 1.15-129.03), p = 0.04), more adversities (OR = 2.70 (95% CI 1.07-6.99), p = .04), and higher somatization scores (OR for 10 unit change in CSI Sum score = 4.38 (95% CI 1.21-15.83), p = 0.02) ( Table 2 ). Chronological age, cognitive, linguistic, bullying, family structure, and AS variables were unrelated to the number of internalizing diagnoses in either group.
Somatization and anxiety sensitivity
The probands had significantly higher total somatization scores than their siblings, as reported in the earlier paper [1] , with more self-reported headaches, fainting or dizziness, weakness in the body, and trouble walking (Table 1) . Whereas higher proband somatization scores were associated with older age (r = 0.28, (Table 2) .
Similarly, the anxiety sensitivity scores were significantly higher in probands than in siblings [1] (Table 1) . Among the probands, significantly higher anxiety sensitivity scores were found in females (females: 16.15 (6.78) vs. males: 9.91 (5.41); Cohen's d = 1.02; F(1,47) = 11.19, p = 0.002) and in subjects with more adversities (r = 0.27, F(1,47) = 5.79, p = 0.02) ( Table 2 ). There was a trend for PNES subjects with lower CELF Word scores to have higher anxiety sensitivity scores (r = À0.22, F(1,47) = 3.21, p = 0.07). In the siblings, however, anxiety sensitivity was unrelated to demographic, cognitive, linguistic, family structure, adversity and bullying variables.
Depression
Amongst all PNES subjects, 24 (43.6%) had depressive disorder. Older chronological age, older age of PNES onset, and absence of epilepsy were associated with this diagnosis at a trend level (p < 0.1) ( Table 2) . A 5 unit increase in chronological age and in age of PNES onset had an OR of 2.69 (95% CI 0.89-8.70, p = 0.09) and OR of 2.92 (95% CI 0.92-9.71, p = 0.08), respectively. Not having epilepsy had an OR of 3.16 (95% CI 0.87-11.52, p = 0.08).
PTSD
A quarter of the PNES subjects (N = 14) had a PTSD diagnosis and they were all females. Lower Full Scale IQ was associated with increased likelihood of PTSD; a 10 unit decrease in Full Scale IQ had an OR of 2.11 (95% CI 1.12-3.96, p = 0.02) ( Table 2 ). Higher anxiety sensitivity scores increased the likelihood of PTSD diagnosis at a trend level; a 10 unit increase in the anxiety sensitivity score had an OR of 2.42 (95% CI 0.85-6.91, p = 0.09) ( Table 2 ).
Discussion
This is the first study to examine the demographic, cognitive, linguistic, adversity, and family structure variables associated with the number of comorbid internalizing disorders (anxiety, depression), PTSD, somatization, and anxiety sensitivity in PNES youth. Different risk factors were significantly related to the internalizing disorders of PNES youth compared to their siblings, whose risk factors in turn, were similar to those of the general child population [2] . Together with these findings, the probands' significantly different somatization and anxiety sensitivity risk factors, and the identification of PTSD risk factors in the proband, provide important diagnostic information for clinicians. Although proband depression (43.6%) was more prevalent than PTSD (25.5%), we found no significant associations between depression and the wide range of variables studied. This negative finding might play a role in the difficulties in diagnosing depression in PNES youth.
Between group analyses: internalizing diagnoses, somatization, and anxiety sensitivity
As hypothesized, the sibling risk factor profile for internalizing disorders (female gender, increased number of adversities, and higher somatization scores) was similar to that of the general pediatric population [2, 6] . The distinct risk factor profile of the probands implies that, despite their shared genetic and family environment, their vulnerability for comorbid internalizing disorders might involve different mechanisms than that of their siblings. Epilepsy in the probands did not appear to play a role in these differences.
The overlapping univariate risk factors for PNES (girls, older age, adversities, somatization) [1] and comorbid internalizing disorders (girls, older age, adversities, somatization) suggest that these disorders have common risk factors. Due to the cross-sectional study design, we were unable to determine if a subgroup of youth ''converts'' to PNES when their preexisting internalizing disorders are not recognized and/or adequately treated. Our study results are consistent with earlier findings in the pediatric abdominal pain literature [21] that demonstrate high rates of comorbid internalizing disorders at the time of assessment with anxiety disorders more likely preceding development of chronic pain. Therefore, prospective studies are needed to examine the temporal relationship among anxiety, depression, and PNES.
The different profiles of somatization and anxiety sensitivity correlates in the probands (Somatization: older age, epilepsy; Anxiety sensitivity: female gender, adversities) and siblings (Somatization: bullying; Anxiety sensitivity: none of the variables studied) also suggest divergent underlying mechanisms. The association of older proband age with somatization is similar to findings in other pediatric somatization and conversion disorders [22] . In addition, children with medical and neurological illnesses, such as epilepsy, have more somatic complaints than the general pediatric population [23] . As in the general pediatric population [11] , bullying was associated with somatization in the siblings. The association of anxiety sensitivity, not somatization, with bullying in the probands is additional support for different psychopathology mechanisms in PNES youth. Interestingly, the probands' anxiety sensitivity risk profile (female gender and more adversities) is similar to that of youth with anxiety disorders [24] .
In contrast to the probands, the siblings' anxiety sensitivity scores were unrelated to any of the variables studied. Given the relatively small sibling sample (n = 35), wide range of their anxiety sensitivity scores (0-21) and age (8.6-18.1 years), as well as the large number of variables studied, our study might have been underpowered to detect significant associations. Furthermore, our trend finding for an association between poor language skill and high anxiety sensitivity in the probands should be replicated in larger samples.
Within PNES group analyses: depression, PTSD
The small number (N = 24) of probands with depression and limited statistical power probably accounted for the trend association of depression with older chronological age, older age at PNES onset, and not having epilepsy. Older age is, however, a consistent finding in epidemiological studies of pediatric depression [2] .
Interestingly, lower IQ and more anxiety sensitivity increased the likelihood of a PTSD diagnosis among the probands. In general, it is challenging to diagnose PTSD in youth, particularly in those who struggle with communication due to lower IQ and poor language skills. It might be easier for these youth to speak about their somatic symptoms rather than their emotionally charged traumatic experiences, particularly during their initial diagnostic interview. Clinicians should consider inquiring about anxiety sensitivity before asking about adversities and include PNES in the differential diagnosis of youth with cognitive and language difficulties, exposure to adversities, and what appear to be seizures.
Study limitations
Consistent with much psychiatric research, we examined internalizing disorders broadly in order to achieve greater statistical power. However, the high rate of anxiety disorders in the probands precluded analyses of the risk variables for these comorbid diagnoses. We were also unable to study risk for different anxiety disorders separately due to insufficient numbers of PNES subjects with these diagnoses. Because of the small sample size and infrequent depression and PTSD in the siblings, we did not examine their risk factors. Since the siblings were younger than the probands, the between group comparisons controlled for age. However, this statistical correction does not preclude the possibility that the siblings younger age may account for their lower rate of depression [2] . With the relatively small sample size of PNES probands with epilepsy, we could not undertake a risk factor determination in the two groups of probands, those with and without epilepsy, and the two groups of siblings (those who have probands with epilepsy and those with probands without epilepsy).
Although we included risk factors reported in the literature for internalizing disorders, somatization, anxiety sensitivity, and PTSD, our study was underpowered to examine the interrelationship among these risk factors in each group. The trend level findings (0.05 < p < 0.1) need to be interpreted with caution. In all cases, we provided effect size estimates to help understand the magnitude of differences found (substantive significance) in addition to examining whether the findings were likely to be due to chance (statistical significance). Because of the small numbers of subjects, there is the possibility of false positives, and the risk factors from this study need to be replicated in a larger sample.
Regarding other methodological limitations, although there might be a relationship among internalizing disorders, somatization and anxiety sensitivity, identification of the specific risk factors for each of these conditions in PNES youth compared to their siblings is of clinical relevance. Use of the same risk factors in the present study and in our previous study might also account for the similarity in the risk factors for PNES and internalizing disorders. Studies are now warranted to determine if early detection of the risk factors for internalizing disorders, somatization, and anxiety sensitivity can facilitate earlier diagnosis of PNES in children and adolescents.
We obtained information on adversities from the KSADS-PL's PTSD module and the parent questionnaire, but not from a specific trauma instrument. Parental recall bias might have played a role in our adversity findings. Since most of our subjects were older adolescent girls (mean age 14.8 years), we cannot generalize our findings to younger children and to boys with PNES.
In conclusion, knowledge of the distinct risk factor profile for comorbid psychopathology in PNES youth might help clinicians include PNES, depression, and anxiety in the differential diagnosis of adolescent girls with difficult to control seizures, physical complaints, anxiety sensitivity, and history of adversities. Considering the stability of anxiety and mood symptoms after resolution of conversion symptoms [4, 5] , the study's findings highlight the importance of risk factor screening, early diagnosis, and prompt intervention for the comorbid psychopathology of PNES. Replication of our findings on larger samples could lead to future development of a conceptual model of the risk factors for PNES and its comorbid psychopathology.
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